Objective: Differentiating unilateral form from bilateral is a critical diagnostic step in primary aldosteronism (PA), for which adrenal vein sampling (AVS) is accepted to be the most reliable. However, variance of corticotropin could affect the diagnosis in AVS. Design and methods: We conducted simultaneous bilateral AVS on ten biochemically diagnosed PA cases, and used the aldosterone-to-cortisol ratio (A/C) of the samples for the diagnosis. The diagnosis by AVS after a low-dose (0.1 mg) ACTH stimulation, which can provoke maximum-physiologic corticotropic response, was compared with those before the stimulation and after the standard-dose (250 mg) ACTH stimulation. Results: In half of the cases, the low-dose pre-stimulation affected the diagnosis. In four out of ten cases, the side-to-side ratios of A/C were changed in the basal/low-dose/standard-dose AVS as 6.62/2.46/0.63, 2.13/0.41/0.14, 1.88/2.38/2.40, and 1.96/2.27/1.90 respectively. In three out of ten cases, the adrenal vein to the matching inferior vena cava ratio of A/C was also changed across 1, the cut-off to indicate suppression of aldosterone secretion. Additionally, the confirmation of successful sampling was difficult in five out of ten and two out of ten cases of the basal and low-dose AVS respectively, whereas it was easy in all the cases of the standard-dose AVS. Conclusions: The diagnosis in the basal AVS could be affected by the physiologic fluctuation of ACTH at relatively high prevalence. The basal AVS would be unreliable to differentiate two forms of PA.
Introduction
Primary aldosteronism (PA) is recognized as a common cause of secondary hypertension, and is generally caused by either aldosterone-producing adenoma (commonly unilateral) or idiopathic hyperaldosteronism (commonly bilateral) (1) (2) (3) . Differentiation of unilateral form from bilateral is a critical step in the diagnosis of PA, because the unilateral form is potentially curable by unilateral adrenalectomy and the bilateral form is generally treated with the administration of mineralocorticoid receptor antagonists.
Adrenal vein sampling (AVS) is the widely accepted way for differentiation, but the methodology used for AVS is different among different centers (3) . Independent of the methodological difference, the following points are critical to perform adrenalectomy: i) confirmation of successful sampling and ii) certainty of the laterality of aldosterone hypersecretion. Adrenocortical hormones are under the effect of ACTH, and AVS without sufficient pre-stimulation could be affected by its fluctuation (4) (5) (6) . Therefore, some investigators advocated pre-stimulation with synthetic corticotropin to ensure active adrenal secretion at the time of AVS (7) (8) (9) (10) . However, others expressed concern that the prestimulation could abolish the laterality of aldosterone secretion (11) ; the dose of synthetic corticotropin generally used for the pre-stimulation is extra-physiologically high (12, 13) , and the exaggerated corticotropic response by it could conceal the laterality.
In this study, we performed AVS in three different conditions: before any artificial stimulation, after stimulation by a low-dose (0.1 mg) cosyntropin, which can provoke maximum-physiologic corticotropic response, and after stimulation by the standard-dose (250 mg) cosyntropin. We found that confirmation of successful sampling is difficult without sufficient prestimulation and that physiologically attainable corticotropin could affect the diagnosis in the AVS.
Subjects and methods

Subjects
The hypertensive patients with plasma renin activity (PRA; normal range: 0.2-2.7 ng/ml per h) !1.0 ng/ml per h and plasma aldosterone concentration (PAC; normal range: 3.6-24 ng/dl) O12 ng/dl with the PACto-PRA ratio (PAC/PRA) O40 were further evaluated (14, 15) . After the withdrawal of b-blockers and diuretics for at least 4 weeks, a captopril test was performed; PRA and PAC were measured at 60 or 90 min after an oral administration of 50 mg of captopril, and PAC/PRA was calculated (15) . The patients with PAC/PRA O30 in the captopril test were given the biochemical diagnosis of PA (3). We enrolled ten of these cases in the study. The study protocol was approved by the ethics committee of our hospital, and informed consent was obtained from all the patients.
Simultaneous bilateral AVS
Catheterization of both femoral veins was performed in all the cases in the early afternoon (1300-1400 h). Blood samples of AVS for the measurement of PAC and plasma cortisol concentration were simultaneously obtained from both the AV and the infrarenal inferior vena cava (IVC; basal AVS). A lowdose cosyntropin (0.1 mg) was administered as an i.v. bolus, and the sampling was repeated 15 min later (low-dose AVS). After the low-dose AVS, the standard-dose cosyntropin (250 mg) was administered and the sampling was repeated 15 min later (standard-dose AVS). The patients were kept supine throughout the AVS procedure.
Chemical and hormonal assays
The serum creatinine concentration (sCr) and PRA were enzymatically measured. Plasma cortisol concentration was measured with a commercially available kit (Fluorescence Polarization Immunoassay, TDX/TDXFLX Cortisol; Abbott Japan Co. Ltd). The intra-assay coefficients of variation were 7.54-7.56, 2.94-3.20, and 1.98-2.30% for its low, medium, and high levels respectively. PAC was measured using commercial laboratory test services (Mitsubishi Chemical Medience, Tokyo, Japan). The reported intra-assay coefficients of variation were 8.3, 3.9, and 1.8% for PAC of 10.3, 33.6, and 73.2 ng/dl respectively.
Diagnosis in AVS
We used the PAC-to-plasma cortisol concentration ratio (A/C) of AVS samples for the diagnosis in AVS. The ratio of A/C in one AV to the other (the side-to-side ratio) was used to judge the laterality of aldosterone secretion; the ratios O4 and O2 were taken as conservative and aggressive cut-offs respectively (3, (7) (8) (9) 16) . The AV-to-IVC ratio (AV/IVC) of A/C!1 was taken as the suppression of aldosterone secretion for the side (7, 8, 10) .
Results
Baseline characteristics
The baseline characteristics of the patients are summarized in Table 1 . Except for one case who had an sCr of 106.1 mmol/l, all the other cases had preserved renal function (sCr %88.4 mmol/l, normal range: 35.4-88.4 mmol/l). Half of the cases (5/10) had hypokalemia (serum potassium concentration %3.4 mmol/l, normal range: 3.5-4.8 mmol/l), and four out of five of them had PAC O24 ng/dl. All the cases who did not have hypokalemia had PAC !24 ng/dl. The plasma corticotropin was less than its upper normal limit (normal range: 9-52 pg/ml).
Aldosterone and cortisol concentration in AVS
The results of AVS are shown in Table 2 . The low-dose pre-stimulation increased PAC and plasma cortisol concentration in the AV samples except for one sample, and the standard-dose pre-stimulation increased them in all the AV samples. The pre-stimulation increased the AV/IVC of plasma cortisol concentration in all the AV samples, and the ratios were O1.6, O1.9, and O19 in the basal, low-dose, and standard-dose AVS respectively.
Laterality of aldosterone secretion
The side-to-side ratio of A/C is summarized in Table 3 . Seven cases had the ratio in the basal AVS higher than the conservative cut-off (O4). In six of them, the ratio remained O4 in both the low-and standard-dose AVS. In the other case with the ratio of 6.62 (case 1), however, the ratio decreased to 2.46 (lower than the conservative cut-off, but higher than the aggressive cutoff ) in the low-dose AVS. It decreased further to 0.63 and the laterality was changed in the standard-dose AVS, but its reciprocal ratio was lower than the aggressive cut-off (!2).
Three cases had the ratio in the basal AVS lower than the conservative cut-off (!4). In one case with the ratio higher than the aggressive cut-off (2.13, case 2), the laterality was changed in the low-dose AVS and the reciprocal ratio was 2.47 (lower than the conservative cut-off, but higher than the aggressive cut-off ). The reciprocal ratio increased further to 7.01, higher than the conservative cut-off, in the standard-dose AVS. The other two cases (cases 3 and 4) had the ratio in the basal AVS lower than the aggressive cut-off (!2). In these cases, the laterality was not changed, but the ratio increased to O2 in the low-dose AVS; the ratios in the basal/low-dose/standard-dose AVS were 1.88/2.38/2.40 and 1.96/2.27/1.90 respectively.
Suppression of aldosterone secretion
The suppression of aldosterone secretion, which was indicated by the AV/IVC of A/C!1, was also changed by the pre-stimulation in three cases (Table 4) . Two cases (cases 3 and 5), which had the ratio of one side !1 in the basal AVS, had the ratio of the both sides O1 in both the low-and standard-dose AVS. Conversely, one case (case 2), which had the ratio of the both sides O1 in the basal AVS, had the ratio of one side !1 in both the low-and standard-dose AVS.
Discussion
In this study, we showed that the diagnosis in the basal AVS could be affected by the physiologic fluctuation of ACTH at the time of AVS. The fluctuation could affect either the laterality or the suppression of aldosterone secretion at relatively high prevalence. In addition, we also showed that confirmation of successful sampling is difficult without sufficient pre-stimulation. In the basal AVS, six cases had PAC of IVC !12 ng/dl, although we selected cases of the baseline PAC O12 ng/dl. The usage of calcium channel blockers, which can suppress aldosterone secretion, could have decreased the PAC of IVC in the basal AVS, because we used them to control blood pressure during AVS (17, 18) . It is also possible that the difference between the PAC of IVC in the basal AVS and the baseline PAC reflected the physiologic fluctuation of PAC, because we performed AVS in the early afternoon (5). Performance of AVS in the early afternoon is the main limitation of this study. The difference between the basal and lowdose AVS might have been decreased if AVS were performed in the morning when ACTH is generally higher than in the afternoon.
For the pre-stimulation, we used cosyntropin, a synthetic corticotropin, which has corticotropic potency as the natural corticotropin (19) . A bolus injection of 0.1 mg cosyntropin is expected to elevate its plasma concentration to w200 pg/ml (12) . The insulin Table 3 The side-to-side ratio of aldosterone-to-cortisol ratio. hypoglycemic test, an acknowledged test to provoke maximum physiologic response of the pituitary-adrenal axis, can elevate plasma ACTH concentration to 100-300 pg/ml (20) . Therefore, the low-dose pre-stimulation is thought to induce the maximum-physiologic but not supra-physiologic corticotropic response. Supporting this notion, the plasma cortisol concentration in the low-dose AVS was lower than its matching concentration in the standard-dose AVS.
After the low-dose AVS, we conducted the standarddose AVS consecutively. The preceding stimulation could have modified the adrenal response to the following stimulation. However, the preceding low-dose AVS is not thought to have significantly modified the following standard-dose AVS in the present cases, because the adrenal response in the standard-dose AVS was several times higher than that in the low-dose AVS. The preserved adrenal response after the preceding 0.5 mg cosyntropin stimulation is also reported; the response to 250 mg stimulation after the preceding 0.5 mg stimulation is more than half of its maximum response (13) .
The AV/IVC ratio of plasma cortisol concentration is widely used as an index for successful sampling. Its values from O1.1 to O5 are used for the judgment with lower values for the basal AVS than the pre-stimulated AVS (7, 11, 21, 22) ; the ratio O3 and O5 can be considered as conservative cut-offs for the former and the latter respectively. Using these conservative cut-offs, 9 out of 20 of the basal AVS samples and 3 out of 20 of the low-dose AVS samples are taken as unsuccessful, whereas all the standard-dose AVS samples are taken as successful. Consequently, only in half of the present cases, all three sets of AVS were taken successful by the conservative cut-offs. However, we verified the position of the catheter tip in each sampling by gentle injection of a small amount of contrast medium, and confirmed accomplishment of three sets of AVS at the same position in each case. Therefore, the result of basal and low-dose AVS samples being taken as unsuccessful by the conservative cut-offs indicates difficulty in confirming successful sampling without sufficient pre-stimulation. Difficulty in confirming successful sampling without pre-stimulation is also reported; nearly half of the basal AVS samples that the radiologist considered successful do not have the ratio O3 (21).
Unilateral form of aldosterone secretion is generally indicated in two ways: (i) laterality of secretion, which is judged by the side-to-side ratio of A/C either O4-5 (3, 7-9) or O2 (16) and (ii) suppression of secretion from the other side, which is judged by the AV/IVC of A/C!1 (7, 8, 10) . The low-dose pre-stimulation affected either the laterality or the suppression in half of the present cases. In a subset of the cases in whom all three sets of AVS were taken as successful by the conservative cutoffs, the low-dose pre-stimulation also affected either the laterality or the suppression in two out of five cases. These results indicate that the diagnosis in the basal AVS is unreliable; the physiologic fluctuation of ACTH could change the diagnosis in the basal AVS (4) . Supporting this notion, we experienced wide casedependent difference of the basal ACTH stimulation (6) .
Slight difference of each ratio is practically indistinguishable due to the variation of the intra-assay coefficients for PAC and plasma cortisol concentration, and the diagnosis in cases 3, 4, and 5 could be taken the same in all three types of AVS. However, the diagnosis in cases 1 and 2 could not be taken the same. The prestimulation amply changed the side-to-side ratio of A/C across the cut-offs, although both cases could be taken as bilateral lack of suppression independent of the prestimulation. These controversial cases did not undergo adrenalectomy, because they could be bilateral forms. Without histological confirmation, we could not determine which set of AVS was accurate, but we think that the diagnostic AVS should be performed under constant conditions such as after sufficient ACTH stimulation. Difficulty in confirmation of successful sampling without sufficient pre-stimulation also supports the necessity of ACTH stimulation in the diagnostic AVS.
In summary, the results of this study indicate that the physiologic fluctuation of ACTH can affect the diagnosis in the basal AVS. Although the enrollment was small, the high prevalence with diagnostic change by the physiologically attainable corticotropin indicates that the diagnosis in the basal AVS is unreliable in not a few cases. Difficulty in confirmation of successful sampling is another disadvantage of the basal AVS. Therefore, AVS with sufficient pre-stimulation, such as the standard-dose AVS, is preferable, especially when the basal AVS is difficult to be taken successful.
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